Background: Existing studies have found that some inflammatory factors cause brain cell damage through the TLR4/NF-κB pathway, and that mild hypothermia has a protective effect on nerve cells. It is not clear whether the mild hypothermic brain protection is achieved through the TLR4/NF-κB pathway in microglia. Objective: To investigate the impacts of mild hypothermia on lipopolysaccharide (LPS)-mediated TLR4/NF-κB signaling pathway in microglia. Method: The cultured microglia cells in vitro were divided into the NS group and the LPS group at 33˚C and 37˚C, respectively; quantitative RT-PCR was performed to detect the expressions of TLR4 and NF-κB mRNA in the microglia, Western blot was used to detect the expressions of TLR4 and NF-κB protein in the microglia, and ELISA was performed to detect the levels of tumor necrosis factor α (TNF-α) and interleukin-10 (IL-10) in the culture medium. Results: Under the LPS stimulation, the mRNA and protein expressions of TLR4 and NF-κB at different time points had significant changes between the normothermia group and the mild hypothermia group, in which the expressions in the former group were firstly increased and then decreased, while those in the latter showed a continuous increasing trend (P < 0.01); and the expressions of TNF-α in all the groups presented the trend of first-increasing then-decreasing, while IL-10 exhibited one slow linear increasing trend (P < 0.01). Conclusions: Mild hypothermia could inhibit the mRNA and protein expressions of LPS-mediated TLR4/NF-κB signaling pathway in the microglia, and inhibit the production and release of downstream inflammatory cytokines (TNF-α and IL-10).
Introduction
The large amount releasing of LPS is the main reason of G-bacterial infection caused sepsis associated encephalopathy (SAE) [1] [2] , in which the released LPS could specifically activate the main immune effector cells-microglia (MG) in the central nervous system (CNS); through identifying and binding the Toll-like receptor 4 complex (TLR4) on the MG cell membrane, LPS could then activate the intracellular MyD88-dependent and non-dependent signaling pathways, activate the downstream signaling molecule Toll-like receptor 4 and a series of biological effects, thus releasing huge amounts of inflammatory cytokines such as tumor necrosis factor-α (TNF-α), interleukin 1β (IL-1β), and interleukin-10 (IL-10), as well as such cytotoxic substances as peroxides and oxygen free radicals. So LPS is considered as the main instigator and participant towards brain inflammations, plays an important role in the occurrence and development of CNS diseases, and leads to the CNS damages [3] [4] [5] . Under stationary status, MG plays a major role of immune surveillance, and the early activated MG plays the roles of phagocytizing cell debris, releasing neurotrophic factors, protecting and promoting tissue repair, but the excessively activated MG would release a large number of pro-inflammatory substances, thus directly or indirectly causing secondary neuronal injury, thus being involved in the occurrence and development of CNS diseases [6] [7] . Numerous studies had shown that inhibiting the MG activation-induced inflammations and oxidative stress could reduce the extent of nerve damages [8] [9] [10] [11] [12] ; therefore, regulating the immune inflammatory responses in CNS had become a target for the treatment of CNS disorders [13] [14] . Mild hypothermia could reduce the metabolic rate of cells, inhibit the release of excitatory neurotransmitter Glu and free radicals, improve the cerebral blood flow, reduce the cerebral edema, protect the blood-brain barrier, and block the apoptosis, etc., thereby slowing the development speed and degree of nerve inflammatory responses in general, and gaining time for protecting the nerve cell functions and further comprehensive treatment; meanwhile, it could also significantly reduce the cerebral ischemia-reperfusion injury and improve the prognosis during the processes of cerebral infarction, toxic encephalopathy, and cardiopulmonary resuscitation [15] [16] , so it was recommended as the first class I evidence in the treatment of hypoxic-ischemic encephalopathy and neonatal asphyxia after cardiopulmonary resuscitation [17] [18] . Current, remedial mild hypothermia therapy has become a hot spot in treating acute brain injury, although its protective effects are exact, its specific mechanisms are still unclear. This study mainly investigated whether mild hypothermia could downregulate the expressions of inflammatory substances in the activated MG's TLR4/NF-κB signaling pathway, thereby reducing the CNS inflammations.
Materials and Methods

Reagents and Drugs
LPS was purchased from Sigma; DMEM high-glucose medium was purchased 
Cell Culture and Intervention
MG were isolated from the brain tissues of newborn rats (SPF grade, 1 -3 days old) referring to the previous report [19] : sampled all the brain tissues, rinsed, and stripped the piamater and blood vessels carefully under one dissecting mi- ng/ml [20] . The 37˚C-NS group was cultured at 37˚C and 5% CO 2 , while the 33˚C-NS group was cultured at 33˚C and 5% CO 2 . Each group was sampled after 0-h, 2-h, 6-h, 12-h, 24-h culture for the measurement, with 0-h as the starting time point of intervention. Each experiment was set 3-repeated dishes, and all the experiments were repeated three times.
Expression Detection of TLR4 and NF-κB mRNA by RT-qPCR
Extracted the total RNA using TRIzol; after detected the concentration and purity by spectrophotometer, performed the reverse transcription to synthesize the first strand cDNA; confirmed the PCR amplification fragments by 3% agarose . ***: the 37˚C-LPS group vs. the 37˚C-NS group, P < 0.001; $$$: the 33˚C-LPS group vs. the 33˚C-NS group, P < 0.001; ###: the 37˚C-LPS Group vs. the 33˚C-LPS group, P < 0.001; Note: TLR4: toll-like receptor 4; NF-κB: nuclear factor B; GAPDH: glyceraldehyde 3-phosphate catalase; LPS: lipopolysaccharide; NS: normal saline; normal temperature: room temperature: 37˚C; mild hypothermia: 33˚C. time point were not statistically significant (P > 0.05). When stimulated by LPS, the 37˚C-NS group and the 33˚C-NS group showed significant changes at each time point. TLR4 exhibited the trend of first-increasing then-decreasing ( Figure  1 (a) and Figure 1(b) ), while NF-κB showed one continuous increasing trend (Figure 1(c) and Figure 1(d) ), Compared with the control group in different time points, the expression of TLR4 and NF-κB mRNA decreased significantly and the difference was statistically significant (P < 0.01).
Expression Detection of TLR4 and NF-κB Protein by Western Blot
Expressions of TLR4 and NF-κB Protein at Different Time Points in Each Group
As shown in Figure 2 , the expressions of TLR4 and NF-κB protein in the 37˚C-NS group and the 33˚C-NS group did not appear significant change when lacked the LPS stimulation, and the differences between these two groups at each time point were not statistically significant (P > 0.05). When stimulated by LPS, the 37˚C-NS group and the 33˚C-NS group showed significant changes at each time point. TLR4 exhibited the trend of first-increasing then-decreasing ( Figure  2 
Contents of TNF-α and IL-10 at Different Time Points in Each Group
As shown in Table 1 , the expressions of TNF-α in the 37˚C-NS group and the 33˚C-NS group exhibited the similar trend when lacked the LPS stimulation, and there was statistically significant difference (all P values > 0.05). When stimulated by LPS, the TNF-α content in the 37˚C-NS group reached the peak at 2 h, while that in the 33˚C-NS group reached the peak at 6 h, and the peak was significantly lower than that in the 37˚C-NS group. Except for the contents at 0 h, the differences in the TNF-α content at other sampling time points between the two group were statistically significant (P < 0.01).
As for the releasing of IL-10, as shown in Table 2 , when lacked the LPS stimulation, the release of IL-10 in the two groups showed one slow linear change, and no difference could be found at each time point between the two groups (P > 0.05). When stimulated by LPS, the 37˚C-NS group and the 33˚C-NS group both showed continuous increasing trend of the IL-10 release; except for the contents at 0h, the differences in the IL-10 content at other sampling time points between the two groups were statistically significant (P < 0.01). Note: The expressions of TNF-α in the 37˚C-NS group and the 33˚C-NS group exhibited the similar trend when lacked the LPS stimulation (P > 0.05). The TNF-α contents in the 37˚C-LPS group and the 33˚C-LPS group exhibited the first-increasing then-decreasing trend with time extending, but the peak of TNF-α content in the 33˚C-LPS group was decreased and delayed, and difference at each time point between the two groups was statistically significant (P < 0.01). Note: The IL-10 contents in the 37˚C-NS group and the 33˚C-NS group were gradually increased with the intervention time extending, and the content in the 33˚C-NS group at each time point was relatively higher than the 37˚C-NS group, and the differences were statistically significant (P < 0.01).
Discussion
patients was significantly higher than those without encephalopathy, its pathogenesis was still not clear yet, and there was no specific treatment towards it [2] [21] [22] [23] . Lots of in vivo and in vitro experiments had demonstrated that mild hypothermia had protective effects towards sepsis, acute lung injury, acute pancreatitis, acute cerebral infarction, and brain injury, etc., [15] [17] [18] [24]- [30] , and blocking TLR4 also showed certain protective effects towards the acute inflammatory diseases [31] [32] . But so far, few studies had investigated the protective mechanisms of remedial mild hypothermia towards the endotoxin induced brain injury, including whether mild hypothermia might have certain impacts on the transcriptions and expressions of the TLR4 signaling pathway in the endotoxin-activated MG. One study had shown that the uncontrolled releasing of inflammatory mediators was one of the pathogeneses of sepsis; these cytokines could enter the brain, stimulate the glial cells and the neurons to secrete large amounts of cytokines [33] ; when CNS was infringed by the pathogens, TNF-α was essential towards the body defense and neuron protection, but the excessively produced TNF-α would injury the endothelial cells, thus destructing the blood-brain barrier and enhancing the permeability of the blood-brain barrier; meanwhile, it might mediate the destruction of the myelin sheath and the oligodendrocytes [34] ; it could also act on the cerebral vascular endothelial cells, resulting in the destruction of the blood-brain barrier, so that the LPS and inflammatory mediators in the peripheral blood could largely enter the brain to activate the microglia and astrocytes, thus further aggravating the inflammatory responses in the brain and creating vicious cycles [35] [36] . MG-secreted IL-10 in the late stage could inhibit the immune inflammatory responses and promote the tissue repairing [37] . Numerous studies had shown that [38] [39] LPS could induce the massive release of the inflammatory factors, and the LPS concentration used in this study was 10 μg/mL, which could better induce the viability of MG. It's well known that [3] [4] [5] MG was the main immune cells in CNS, and its surface mainly expressed TLR4. TLR4 belongs to the Toll-like receptor family, after stimulated by LPS, it could activate a variety of signaling pathways, and would eventually be activated by the hydrolysis of NF-κB suppression protein; the activated NF-κB would immediately translocate into nuclei, start gene transcription, and upregulate the expressions of a series of cytokines and chemokines [40] [41] . The study found that after the LPS stimulation, the transcription and expression of NF-κB in both groups were gradually increased with time extending. However, the increasing trend in the mild hypothermia group was significantly lower than the normothermia group, which might be related with the fact that mild hypothermia reduced the activation and transcription of TLR4 protein, or directly inhibited the hydrolysis of NF-κB-conjunctive suppression protein; the above presumptions still needed further studies.
This study used MG for the in vitro experiment, through detecting the expressions of TLR4 and NF-κB mRNA, as well as the levels of TNF-α and IL-10, in order to explore the impacts of mild hypothermia on the CNS inflammatory responses. The results showed that when under the LPS stimulation, the expressions of both TNF-α and IL-10 in the two groups were significantly increased, while at the same time point, the levels of TNF-α and IL-10 in the mild hypothermia group were lower than the normothermia group, and it was because mild hypothermia could inhibit the transcription and expression of TLR4mRNA, and this inhibition would become more and more significant with intervention period extending.
Using MG and inflammatory mediators as the targets had important practical significance in broadening the therapeutic approaches of SAE. Currently, the signaling pathways in MG had become the focus of numerous studies, including the JNK pathway [42] , the MAPKs signaling pathway [32] , the P38-MAPK signaling pathway, and the JNK signaling pathway [43] , as well as the newly discovered possible inflammatory signaling pathways in MG [44] . This study mainly focused on the impacts of mild hypothermia on the LPS-induced TLR4/NF-κB signaling pathway in SAE, and found that mild hypothermia could delay the time bar of inflammatory responses; therefore it could save time for the treatment of SAE, and the combination of the above found therapeutic strategies and mild hypothermia might achieve better results.
This study suggested that the brain-protective effects of mild hypothermia might be realized by inhibiting the mRNA and protein expressions in the TLR4/NF-κB Journal of Biosciences and Medicines signaling pathway, thereby reducing the secretion of its downstream inflammatory cytokines TNF-α and IL-10, and reducing the inflammation damages.
However, whether the protective effects of mild hypothermia were realized via influencing other proteins in the TLR4 signaling pathway still needed further researches.
The limitation of this study is that it is only found in cells cultured in vitro and needs to be further confirmed in the body, and even in the human body.
